Objective: To determine the relationship between vascular loops in the internal auditory canal and otologic symptoms. Methods: We performed a retrospective study, with a systematic review of the literature and analyzed the magnetic resonances imaging (MRI) of 91 patients attended in the ENT department since April to June 2013, in order to correlate radiological findings with otologic symptoms. Results: Vascular loops were seen in the internal auditory canal of patients without clinical symptoms; however an association was found between the presence of vascular compression of the eighth nerve displayed on MRI and the presence of sensorineural hearing loss and tinnitus. No association was found between vertigo and vascular loops. Conclusion: The presence of vascular loops in the internal auditory canal may be an incidental finding in MRIs of patients without clinical symptoms. However, in patients with tinnitus or sensorineural hearing loss that is unexplained by other clinical pathologies, these may be correlated with the existence of vascular loops which compress the eighth cranial nerve or contact the bone wall of the internal auditory canal. Further studies involving a larger number of patients are required to accurately evaluate the association between these symptoms and vascular loops.
Introduction
The presence of vascular loops in the internal auditory canal (IAC), formed by the anterior inferior cerebellar artery (AICA), is a common finding in the systematic study of MRIs [1, 2] . Controversial results have been reported in the literature about the relationship between vascular compression of the vestibular nerve trunks and neuro-otologic symptoms, and some authors have suggested that compression of the nerve might be the origin of otherwise unexplained as hearing loss, tinnitus, neurological symptoms and vertigo [3] [4] [5] [6] [7] [8] [9] [10] .
In order to determinate the relationship between vascular loops and otologic symptoms, we performed a retrospective study in patients attended in the ENT department.
Materials and Methods
We performed a retrospective study with a systematic review of the literature and we studied the MRIs of 91 patients attended in our ENT department over a three months period (April to June 2013), looking for the presence of vascular loops in the internal auditory canal. In patients with vascular loops in the MRI we collected data related to neuro-otologic symptoms (hearing loss, tinnitus, vertigo and hemifacial spasm) from their medical history. All patients had been performed a complete otoneurological examination with otoscopy, audiometry and videonystagmography.
Results
A total of 91 MRIs of patients attended in our ENT department were analyzed, 20 MRIs displayed vascular loops in the IAC.
We collected data from the medical history of the 20 patients with vascular loop in the MRI, related to neurootologic symtoms. We found 12 patients with otologic symptoms, three patients with IAC vascular loops in the asymptomatic ear, and five patients without clinical symptoms.
Out of 12 patients with otologic symptoms, a vascular compression of the eighth cranial nerve on MRI ( Figure  1(a) ) was presented in six patients, four patient reported sensorineural hearing loss, and two patients continuous tinnitus. A vascular loop in contact with the bone wall of the internal auditory canal (Figure 1(b) ) was presented in six patients; all of them reported the presence of tinnitus resistant to standard medical treatment ( Table 1) . None of the patients had vertigo or hemifacial spasm.
Discussion
There is an apparent discrepancy between the frequent finding of vascular loops penetrating the internal auditory canal in anatomic studies (12% by post-mortem dissections [2] , 7% by computed tomography cisternography [11] , 14% -34% by magnetic resonance imaging (MRI) [12, 13] in the normal population), and the infrequency of ear symptoms associated with the presence of the loops. Some explanations of this discrepancy include the development of symptoms when the artery elongates (congenital or acquired), hardens (arteriosclerosis), or becomes fixed to the nerve (arachnoid adhesions) and compresses it [14] . The space available for the facial, vestibulocochlear nerve and AICA loop in the internal auditory meatus is minimum [15] , creating an anatomic susceptibility of the nerve to vascular compression dysfunction.
Auditory symptoms may be due to a complex interaction between the seventh or eighth cranial nerve and the vascular loop, in which the loop compresses the nerve and the nerve compromises circulation to the inner ear. The findings of a cochlear type of hearing loss, excellent speech discrimination and normal caloric test results should raise the suspicion of a vascular loop [16] . A loop in contact with the vascular wall might cause pulsatile tinnitus by direct transmission of pulsations to the cochlea via the internal auditory canal (bone conduction mechanism) [17] [18] [19] [20] [21] . The compression of facial nerve is frequently, and cause hemifacial spasm [22] . The compression of the auditory and vestibular nerve trunks by vascular loops might cause sensorineural hearing loss, tinnitus and vertigo [2] [3] [4] .
In the present study none of the 91 patients with vascular loop in the IAC presented vertigo or hemifacial spasm.
The presence of pulsatile tinnitus (50%) and sensorineural hearing loss (33%) were the conditions most frequently encountered among the patient group studied ( Table 1) .
De Riddet et al. [18] and Nowe et al. [23] found that subjects with pulsatile tinnitus were 80 times more likely to have a contacting vascular loop than patients with non- pulsatile tinnitus. Chadha and Weiner [1] suggested that the presence of unilateral hearing loss were twice more likely to have vascular loops in the symptomatic ear than in the asymptomatic ear.
In selected cases, when a vascular loop is found to be in contact with the affected cranial nerve, and no other cause is identified, it would seem reasonable to consider invasive neurosurgical micro-vascular decompression with mixed results [1, [24] [25] [26] . Shredded Teflon is place in the internal auditory canal between the cochlea and the intrameatal vascular loop [1] . The objective is to create a sound barrier between the walls of the internal auditory canal and the loop, and between the loop and the cochlea, without causing too much compression on the cochlear nerve. None patients attended in our ENT department required neurosurgical micro-vascular decompression due to medical control of symptoms.
Conclusions
In patients without associated with neuro-otologic symptoms, the presence of vascular loops in the internal auditory canal may be an incidental finding in MRIs, however, in patients with pulsatile or continuous tinnitus, or sensorineural hearing loss, vertigo, which is unexplained by other clinical pathologies, it may be correlated with the existence of vascular loops which compress the eighth Open Access IJOHNS
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Open Access IJOHNS 247 cranial nerve, or facial nerve in case of hemifacial spasm, or contact the bone wall of the internal auditory canal. As a result of the limited number of cases and small amount of literature found, further multicentre studies involving a larger number of patients would be advisable to correlate otologic symptoms with the presence of vascular loops in the internal auditory canal and thereby accurately evaluate the association between these symptoms and vascular loops.
